液晶デバイスを用いた光学処理技術に関する研究 by 佐藤 裕哉 & SATOU Yuuya
液晶デバイスを用いた光学処理技術に関する研究













































































Exchange of advanced information between each person increases as information society
 
develops,and the relation between man and machine is intimate.An electronic display device
 
comes to play an important role much as a man-machine interface.Especialy,the liquid
 
crystal display that has the excelent feature with thin,low voltage,and low power consump-
tion,grows up to the most advanced flat panel display technology,and is applied in various
 
fields.
The liquid crystal display uses a refractive index anisotropy of the liquid crystal,and
 
controling a birefringent value(retardation)closely relates to the display performance.
Therefore,the measurement of the retardation is an important technology for improving the
 
performance of the liquid crystal display device,such as the viewing angle,the contrast,and the
 
response time.In this doctoral thesis,the new measurement methods of the retardation with
 
high accuracy are proposed.
By the way,the principle that the retardation of the liquid crystal is controled electricaly
 
is applied to operate as two dimensional image filter.Multilayered structure of the liquid
 
crystal cels realizes narrow transmitted spectrum narrow.However,a highly accurate
 
measurement is difficult because the liquid crystal has wavelength dependency in the birefrin-
gence.This thesis derives the solution for the wavelength dispersion that suits to various
 
conditions by stacking the optical compensation film with birefringence.
This thesis is composed of 6 chapters,and discusses the retardation measurement and a
 
tunable liquid crystal color filter.
Chapter 1 is an introduction,and the background and the purpose of this research are
 
described.
In Chapter 2,two kinds of reflective retardation methods with high accuracy are proposed.
One of the methods increases the number of measurement data by the twice compared with the
 
conventional one,and reduces the nonsystematic error related to the reading error.The other
 
method improves the reading accuracy by sharpening the peak of the spectrum.The folowing
 
points are obtained on reflective retardation measuring method developed newly.
1.Twice measurement points are obtained in the new method.This brings that the
 




2.In the reflective retardation measurement method that aims at the improvement of the
 
measurement accuracy,the transmitted light intensity obtained by the measurement
 
improves the reading accuracy compared with a conventional Senarmont method
 
because of the sharp form of the spectrum.
3.Two proposed methods have very simple optical systems and each system is construct-
ed by rotation of one polarizer by 90 degrees.As the result,the nonsystematic error
 
can be decreased and the measurement accuracy becomes high.
These concepts of the two reflective measurement methods are unique compared with the
 
conventional methods and contribute to the improvement of the performance of the liquid
 
crystal displays.
Chapter 3 examines a composition and a basic characteristic of the tunable liquid crystal
 
color filter based on the retardation control.The contents are the discussion of the wave-
length dependency of the half bandwidth and the response time in two dimensional spectrum
 
analysis of the captured image,and the optimal design method is developed.
Chapter 4 describes the eletro-optical design method of a new tunable liquid crystal color
 
filter that corrects the wavelength dispersion characteristic based on the design concept in the
 
preceding chapter.The folowing findings in the design of a tunable liquid crystal color are
 
obtained.
1.The liquid crystal and the compensation film are stacked and the change of the half
 
bandwidth is stabilized in the visible region and the new design concept corrects the
 
wavelength dispersion characteristic of the liquid crystal by the compensation film.
2.The half bandwidth control of the tunable liquid crystal color filter is examined.As
 
a result,the narrow bandwidth is realized because the inclination design of the
 
wavelength dependence curve on the retardation by the stacking of the compensation
 
film gives arbitrary control of the transmitted spectrum.
3.This theory clarifies that the compensation film owns a part of the retardation value
 
and the response speed of the device is shortened because it is possible to design the
 
liquid crystal layer thinly.
4.The wavelength dispersion characteristic of the tunable liquid crystal is controled
 
arbitrary based on a new design.It is shown to have a very excelent characteristic
 
of controling the half bandwidth of the transmittance spectrum and obtaining an
 
arbitrary transmittance characteristic.Though the half bandwidth of the conven-
tional method changes by 250% in the visible region,the new method is possible to
 
suppress it up to 30%.In addition,an excelent characteristic for two dimensional
 
spectrum analyses with narrow half bandwidth and high response speed is proved.
These results are admirable to home and abroad,and lead to the expansion of the
 
application in the tunable liquid crystal color filter.
It is clarified for Chapter 5 to be able to show that the half bandwidth is arbitrary
 
controled with applying the compensation of the wavelength dispersion described in the
 




Chapter 6 is a conclusion of this thesis and the summary of the result obtained for this
 
research.
In the thesis,two reflective retardation measurement methods are newly proposed and the
 
accuracy is much improved.These methods are able to contribute to the improvement of the
 
high-quality LCD performance.The tunable color filters based on the control of the retarda-
tion is developed and is expected as two dimensional spectrum analysis device in various fields
 
such as the engineering,the medicine,and the environmental science and so on.
Professor(Chairperson) Hidehiro SEKI
― ―249
液晶デバイスを用いた光学処理技術に関する研究（佐藤)
